We measured lipoperoxides, as malondialdehyde (MDA), by liquid chromatography in plasma from 230 male and 148 female adult blood donors, to establish reliable reference values and to compare possible sex-, age-, and specimenrelated differences. Our studies show that men have higher MDA concentrations in plasma than do women (P <0.05), older men have higher values than younger men (P <0.05), and older women have higher values than young women (P <0.001). These age-related results support earlier studies in experimental animals that lipid peroxidation increases with increasing age. In addition, plasma from liquid EDTA-anticoagulated blood has significantly lower MDA concentrations than does serum or plasma from blood treated with lithium heparin, sodium citrate, or CPDA-1 (P <0.001).
reference intervals are based on relatively few subjects. Wong et a!. (23) recently described a liquid-chromatographic technique that has considerably better sensitivity and specificity. As a result, we obtained generally lower tentative reference values than any previously published.
Because of the importance of MDA measurements, we undertook the current study to provide reliable reference intervals for plasma, including the establishment of possible sex-and age-related differences. This latter variable is Department of Pathology,University of Utah School of Medicine; and the Laboratory Service, Veterans' Administration Medical Center, Salt Lake City, UT 84132.
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important, not only as it relates to variations in reference values but also to determine whether MDA concentrations in plasma support the presumed increase in lipid peroxidation with age (24, 25) . In addition, we investigated serum MDA concentrations and compared them with plasma containing any of several different anticoagulants.
Materials and Methods

Subjects and Sample Handling
All blood specimens were obtained from blood donors from the University of Utah Hospital Transfusion Service. The medical histories of the donors were carefully screened for infectious, malignant, and other serious disorders. In addition, blood tests were antigen negative for H1V and hepatitis viruses. Alanime aminotransferase (EC 2.6.1.2) activities were within the normal reference interval.
MDA reference intervals were determined from data on plasma obtained after vemipuncture, with use of 7-mL evacuated tubes containing liquid EDTA as anticoagulant (10.5 mg of tn-potassium EDTA and 0.14 mg of potassium sorbate in 70 pL of water; Bectom Dickinson Vacutaimer Systems, Rutherford, NJ 07070). The specimens were centrifuged within 30 mm; the plasma was removed and stored at 4#{176}C until analyzed, usually within 24 h (see Table 1 below).
For comparative studies, serum and plasma from 18-to 35-year-old male donors were obtained, with several different anticoagulants used. Serum was obtained from venous blood within 30 mm after collection in plain 100 x 16 mm test tubes. Plasma was collected in sodium citrate and lithium heparin containers (12.35 mg of sodium citrate 2H20, 2.21 mg of citric acid, and 143 USP units of lithium heparin, respectively; Bectom Dickinson Vacutainer Systems) exactly as described for the EDTA-treated specimens. Plasma was also obtained from blood anticoagulated with "CPDA-l" (citrate, phosphate, dextrose, adenine solution; Fenwall Laboratories Division, Travenol Laboratories Inc., Deerfield, IL 80015). These blood specimens were diluted 10-fold, similar to the dilution obtained when a transfusion unit is drawn. WatersMillipore Inc.) with a 1-cm optical pathlength, set at 532 mm, and a sensitivity of 0.01 absorbance unit (A) was used. We connected the spectrophotometric monitor to a stripchart recorder with 1-mV full-scale range (Model 7123A; Hewlett-Packard, San Diego, CA 92127) so that the actual recorder sensitivity was 0.001 A full-scale. The recorder chart speed was 1 cmlmin.
MDA assay. The assay procedure used was that of Wong et a!. (23) , including all solvents, chemicals, and reagents. However, two different chromatographic columns were used with essentially equal success: the 3.9 mm (i.d.) x 30 cm column packed with izBondapak C18 (10-pm particle diameter; Waters-Millipore Inc.) and the 4.6 mm (i.d.) x 25 cm column packed with Partisil ODS-3 C18 (10-p.m particle diameter; Whatman Inc., Clifton, NJ 07014). The ODS CSK guard column was packed with Partisil ODS-3 C18 (10-p.m particle diameter; Whatman Inc.).
Statistical analyses. Data computations included the means, standard deviations, and Student's unpaired t-test. Outliers were removed according to Barnett (26).
Method precision. We evaluated within-assay and between-assay precision by using aliquots from pooled plasma (see Table 3 below). Pool 1 consisted of equal volumes of EDTA-treated plasma from five different subjects; pool 2 consisted of equal plasma volumes obtained from five CPDA-1 anticoagulated blood specimens. Aliquots from two similar but separate pooled specimens (pools 3 and 4) were stored at -20 #{176}C; one sample was thawed each day and analyzed for between-assay precision.
Plasma
MDA stability. An aliquot from one of the between-run pooled samples, and an additional pooled plasma sample, were refrigerated at 4#{176}C and analyzed for MDA 10 times during 34 days. No instability of the plasma MDAcomplexes was detected. (MDA forms complexes with a wide variety of plasma components.) values than any of the other plasma samples or serum (P <0.001).
The within-run and between-run values for MDA in plasma are presented in Table 3 . Table 4 shows that values for plasma MDA are stable at 4 #{176}C for at least 34 days.
Discussion
With regard to lipid peroxidation and aging, Mihara eta!. (25) , using the TBA color reaction, noted age-related changes in rat testis and liver. In addition, concentrations of TBA-reactive substances in serum reportedly are higher in adult rats six to seven or 12 to 13 months old than in rats only one month old (24) . Others have measured the accumulation of lipofi.iscin (presumed to be an end product of the cross-linking of proteins with peroxidized lipids) in the testes of aging mice, finding an increased concentration with age (27) . The age-related reference intervals for plasma MDA we report here are in harmony with these studies.
The reference intervals reported in this paper were determined on plasma obtained from EDTA-anticoagulated blood. Table 2 demonstrates the importance of a correct choice of anticoagulant when MDA is measured in plasma. In comparison with EDTA, samples treated with lithium heparin, sodium citrate, or CPDA-1 give significantly higher results (P <0.001), as also does serum. In addition, there is less variation in the EDTA-anticoagulated specimens. For these reasons, use of EDTA is to be preferred.
Hemolysis significantly increases the MDA in plasma (23) . Therefore, plasma should be separated as soon as is reasonably possible; we recommend separation within 30 mm of blood collection.
Results
Liquid-chromatographic
profiles for plasma lipoperoxides, expressed as MDA, are presented in Table 1 . The men were divided, by age, into four age groups: 18-25, 26-35, 36-45, and 46-65 years. Means and SD for the first three groups were very similar; those for the last group were significantly higher (P <0.05).
Because we had fewer samples from the women, they were divided into only three age groups, 18-25, 26-35, and 36-65 years. Both older groups had significantly higher values for plasma MDA than the youngest group (P <0.001). When all 230 men were compared with all 148 women, the men had significantly higher values for plasma (P <0.05). Five male and three female outliers were identified. 
